Abstract�A series of reaction time (RT) experiments are reported in which subjects had to match pairs of two-dimensional shapes. The shapes were either symmetrical or asymmetrical and were arranged into either symmetrical or asymmetrical displays. In the initial experiments the shapes straddled the vertical midline of the display. It was found that Same RTs to symmetrical displays were shorter than Same RTs to asymmetrical displays, and that Same RTs to symmetrical shapes were shorter than Same RTs to asymmetrical shapes. Moreover, display symmetry and shape symmetry produced an additive effect on responses. This pattern of results obtained when both shapes were presented simultaneously and when a delay was introduced between the presentation of one shape and the presentation of the other. However, display and shape symmetry interacted when the displays were rotated 90 deg within the plane so that the shapes straddled the horizontal meridian. The implications of these results are discussed in terms of both a transformational account of shape recognition and an account concerning the imposition and use of scene-based frames of reference.
INTRODUCTION
There is a strong tradition in perceptual psychology of studying the recognition of two-dimensional (2-D) shapes (see Quinlan, 1991 for a review). Recent work in this area has investigated the imposition and use of perceptual frames of reference for the purposes of shape recognition (Quinlan and Humphreys, 1993) . From the available evidence it seems that objects appear as they do because the visual system recovers a structural description that specifies both salient parts and relations inherent to those objects (Quinlan, 1991) . Such a description, in coding the spatial disposition of salient parts, takes into account some form of frame of reference because the spatial relations must be coded relative to the origin of a corresponding co-ordinate system: The frame of reference fixes the origin of this co-ordinate system. Although many sorts of perceptual reference frames have been discussed (Hinton and Parsons, 1988) , only three will be considered here, namely, a retinal-based frame, an object-based frame and a scene-based frame. The description of an object relative to each of these frames is quite different. Whereas the retinal description of an object specifies the spatial disposition of the parts of the object in retinal co-ordinates, the object-based description specifies the spatial disposition of the parts of the object in terms of a frame of reference centred on itself. In turn the disposition of the object in the scene can be described relative to a scene-based frame of reference.
Hinton (1981) developed a working model of single letter and shape recognition based on the distinctions between these three sorts of object representations. Figure 1 shows the components of the model in a schematic form. At an early stage in its development (i.e. boxes (i)-(iii) in the figure), the model was an attempt to show how the perceptual system takes a viewer-centred and retinotopic representation of a shape and then derives a viewpoint-independent representation. In developing the account, Hinton addressed the problem of how the perceptual system deals with shapes in the context of more global scene information. He therefore added two more sorts of processing units to the model, namely, higher-order mapping units and scene-based units (boxes (iv) and (v) in the figure). In the model the scene-based units encode the relationships between the parts of the scene in a coordinate system abstracted away from the scene itself. For instance, a scene-based description of a room remains constant regardless of whether the observer remains stationary or moves around (Hinton and Parsons, 1988) . As a consequence the viewer may retain a record of the relative dispositions of the objects in the room independently of their own position. The scene-based units establish a scene-independent description of parts of the scene analogous to the way in which the object-based units establish a viewpointindependent description of the parts of an object. According to the model such a scene-based representation is derived by imposing a scene-based frame of reference. The derivation of a scene-based frame is essentially due to the operation of the higherorder mapping units. They establish which of the many candidate frames are used to code the spatial disposition of the objects in the scene. Consideration of this model and the general ideas about imposing and using scenebased frames of reference provided the initial motivation for the present study. The experimental methodology was adapted from other studies in which the subject's task was to decide whether or not two simultaneously presented letters were physically identical (see Krueger, 1978 , for a review). It seemed that such a task might be adapted to provide insights into possible inter-relationships between scene and item information during the normal course of shape recognition.
Historically, Fox (1975) was the first to use the letter matching task in order to assess the effects of item and display symmetry on matching performance.
In his initial experiment he used two kinds of Same displays: those in which the letters were vertically symmetrical (e.g. TT) and those in which the letters were not symmetrical about a vertical axis (e.g. QQ). Particular interest was with the displays comprising vertically symmetrical letters, because these displays were globally symmetrical. In these cases, the symmetry of the whole display was perfectly correlated with the Same response. Fox hypothesised that subjects might therefore use display symmetry as a 'diagnostic' for responding Same and responses to the vertically symmetrical displays should have been faster than those to the vertically asymmetrical displays. Unfortunately, the results of his first experiment did not provide compelling support for this hypothesis because the RTs to the vertically symmetrical displays were no faster than those to the vertically asymmetrical displays.
Nevertheless, there was
